ABSTRACT
INTRODUCTION
Optimal expansion of medium-voltage power network because of load growth is a common issue in electrical distribution network planning. The expansion planning approach determines the location, type and capacity of new equipments that should be expanded and/or added to the system. The problem consists of minimizing total cost of the objective function with technical constraints. Additionally, the optimal system must provide acceptable customer outage profile to ensure that customer reliability requirements are satisfied. The objective function usually includes facilities installation and operation cost and the reliability cost. Distribution expansion planning is a complex problem which should be solved by modern optimization algorithms. However, multistage procedure of planning because of dynamic load growth makes the problem more complicated. Multistage planning approach should define not only optimal location, type and capacity of investment, but also the most appropriate times to carry out such investments. Moreover, the intricacy of the problem is increased critically as the system size becomes large [1] . In conventional distribution expansion planning, HV/MV substations and main and reserve MV feeders installation/upgrade are considered as possible solutions. Today, new capacity options such as Distributed Generation (DG) and storage units are expanded. Due to more flexibility, DG and storage units can be implemented as possible solutions in distribution network planning. Recently some papers have considered either DG or storage units utilization in distribution network planning [1] [2] [3] . In this paper, HV/MV substations, main and reserve MV feeders, dispatch-able DG sources and storage units are considered as possible solutions for multistage distribution expansion planning. DG and storage batteries are optimally allocated not only for peak cutting, but also for reliability improvement. The consuming load variation is modeled as a three-level load. To solve the combinatorial optimization problem, a Modified Particle Swarm Optimization (MPSO) is proposed. 
PROBLEM STATEMENT

PROPOSED STRATEGIES
Distribution network planning procedure should be evaluated regarding system operation. Optimal power flow may be needed for objective function calculating and constraints evaluation. In this paper, some optimal simple strategies are proposed for system operation, instead of optimal power flow computation. The strategies are proposed for DG sources and storage units operation, assuming a three-load level model for the variable loads.
DG operation strategies
DG sources are allocated for both peak cutting and reliability improvement. DG sources are used to generate electrical power only in high level and normal level of load periods. As a result, DG sources are disconnected from the network in light-load periods. Moreover, DG sources may be used to restore the lost loads during failure events. After every failure event, the failed sections are disconnected from the network using normally closed switches. Then reserve feeders are connected to the network, if they can restore the lost loads. The connection of reserve feeders is performed regarding the network configuration and feeders and HV/MV substations capacity constraints. If the reserve feeders can not restore the lost loads, DG sources are connected to the network regarding DG capacity and priority of lost loads. At first the loads which have the higher priority are connected to DG sources. Then the loads with lower priority are restored if the maximum capacity of DG is not exceeded. In the other words, the free remained capacity of DG sources is assigned to the lost loads consecutively.
Storage operation strategies
Storage units can be used for either peak cutting procedure or reliability enhancement or both. As the first scenario, it is assumed that storage units are inserted only for peak cutting. Then storage units are charged during light-load periods and discharged during high-load times. As a result, storage units are not connected to the network in normal-load periods. In the second scenario for reliability improvement, similarly to DG sources, storage units are connected to the lost loads regarding the loads priority, if the reserve feeders are disable to restore the lost loads. In this scenario, storage units are discharged only during failure events. As a result, the available power capacity of storage units is a function of failure duration, but not a function of starting time of the failure event.
As the third scenario which is proposed in this paper, storage units are allocated to both peak cutting and reliability enhancement. In normal condition of the distribution system, storage units are charged during lightload periods and discharged during high-load times. The storage units are charged fully during normal-load periods. However, they can restore the lost loads partly in all the periods when reserve feeders are not able to supply the energy lost. As a result, for each failure event, the available power capacity of storage units is dependent on not only the failure duration but also the starting time of failure. The available energy can be estimated easily from periodic charge/discharge curve of the storage units. This curve determines the sequential charge/discharge periods, regarding operation strategy described above.
MODIFIED PARTICLE SWARM OPTIMIZATION (MPSO)
Particle Swarm Optimization (PSO) is a swarm intelligence algorithm which is based on the movement of some groups of particles. Assuming that the searching space is n-dimensional, the i-th particle of the swarm is presented by the vector . The particles move in the searching space regarding their velocities. The velocity vector is updated iteratively with respect to the best previous positions of the particles and the global best position of the swarm. More details can be found in [4] . In this paper, the proposed MPSO algorithm is based on an improved hybrid TS/PSO algorithm which is proposed in [4] 
Where rd is a function generating random numbers uniformly distributed within the range [0,1]. Here, index k denotes to the elements of all main feeders, reserve feeders, DG sources and storage units sets. Additionally, to improve the performance of the MPSO, it is proposed to incorporate local search algorithms with the MPSO. Accordingly, after moving a particle using MPSO in s-th stage, the intermediate solution related to the particle is replaced by the best neighbor intermediate solution.
In this paper, generating of the neighbor solutions is applied to the main feeders using an intelligent local search algorithm which is used in [4] and STOP.
As a result, DG and storage units can be exchanged with each other in local search algorithm to pass the probable local optimum solutions. In this paper, local search for reserve feeders is neglected. However, for all the stages except the first stage, all the existing main and reserve feeders in (s-1)-th stage, must be selected as either main or reserve feeders in s-th stage. In this paper, the MPSO algorithm is applied to multistage distribution expansion in two phases. In the first phase, only main feeders are considered for optimization. The outcome of this phase is the optimal routing of main feeders in each stage to minimize the total objective function of Eq. (1) subject to technical constraints. In the second phase, only other facilities (i.e. DG sources, storage units and reserve feeders) are embedded in the system for each stage to minimize the objective function in Eq. (1) subject to technical constraints and the output of the first phase.
NUMERICAL RESULTS
The proposed procedure for optimal reliable distribution network expansion planning is applied to a typical 20-kV distribution system using MATLAB 7.5. The typical network consists of an existing 10 MVA HV/MV substation, 13 existing main feeders and an existing reserve feeder. 52 new load points are added to the existing network over 4 stages. Additionally, a new point is considered as candidate HV/MV substation which may be included by the optimal solution. The existing network configuration, new load points and candidate HV/MV substation are presented in Fig. 1 . In this study, storage units are utilized for both peak cutting and reliability improvement. Therefore, storage units with high charge/discharge cycles, such as Zn/Br batteries, are more suitable [2] . Moreover, dispatch-able renewable/nonrenewable DG sources, such as fuel cells units, are considered in this study. The type of load nodes includes residential, governments & institutions, industrial and commercial loads. The customer sector interruption cost for different load types is obtained from [1] . The loading levels and market price data are shown in Table 1 . Other technical and economical parameters are shown in Table 2 . The configurations of the optimal networks over 4 stages of distribution expansion planning are shown in Fig 2 . Fig. 2 shows that a new HV/MV substation, two DG sources and three storage units should be installed in optimal system over 4 stages. Two other operation strategies described before, as different scenarios, are considered separately for optimal distribution expansion planning using MPSO algorithm.
Paper No 0089 Page 4 / 4 The results of these scenarios are compared with the main approach in Table 3 . The results show that no storage unit is selected for optimal solution in scenario 1 and 2. As a result, storage utilization is not economical if it is used only for either peak cutting or reliability improvement. However, it may be an optimal choice remarking the proposed operation strategy. Moreover, the optimal solution containing storage units becomes more economical and also more reliable than the other optimal solutions without storage.
CONCLUSION
In this paper, HV/MV substations, main and reserve MV feeders, DG sources and storage units are considered to optimize the distribution system expansion over several stages. Some optimal strategies are proposed for DG sources and storage units operation regarding the load variation. DG and storage units are operated not only for pick cutting but also for reliability enhancement. A modified PSO algorithm is proposed to solve the complex optimization problem. The numerical results show that the proposed operation strategies for DG and storage units can decrease the optimal cost objective function effectively.
As a result, storage units' application in distribution planning is critically dependent on the operation strategy from economical point of view. Since the proposed strategy increases the penetration of storage units in distribution network and it makes the system more reliable, too.
